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Summary — The ECVAM-funded skin irritation validation study (SIVS) was initiated in 2003, with the aim to
evaluate whether the EpiDerm™, EPISKIN™ and the SIFT alternative methods were able to reliably identify skin
irritant and non-irritant chemicals, and could therefore be candidates for replacing the rabbit Draize test for
skin irritation. The primary goal of the study was to evaluate the predictive capacity of the assays with regard
to the EU classification system, which employs the risk phrases, “R38", for skin irritants, and “no label” for
non-irritants. A secondary objective was the retrospective analysis of the data, to assess whether the in vitro
tests would be able to discriminate between strong irritants (category 2), mild irritants (category 3) and non-
irritants (no category), as defined by the OECD and United Nations proposal for a Globally Harmonised System
(GHS) for the classification and labelling of dermal irritancy. A Chemicals Selection Sub-Committee (CSSC) was
appointed to identify test chemicals to be used in the SIVS, for which existing, high quality in vivo data were
available, with which to correlate the in vitro measurements. Since chemicals from the European Centre for
the Ecotoxicology and Toxicology of Chemicals (ECETOC) database of reference chemicals for skin irrita-
tion/skin corrosion had been extensively used in preceding studies, the CSSC made use of novel sources for
potential test chemicals. The first source of chemicals screened was the New Chemicals Database (NCD),
which is the central archive within the EU notification scheme for ‘new’ commercial chemicals. Data regis-
tered in the NCD originate from standard assays, submitted in compliance with the legislation which regu-
lates the marketing of industrial chemicals, and are subject to quality assurance by the competent authorities
of the EU Member States. In addition, to obtain ‘existing’ chemicals which were readily available from major
manufacturing and/or distribution sources, additional databases were surveyed, such as the Toxic Substance
Control Act (TSCA) database maintained by the US Environmental Protection Agency (EPA), and the ECETOC
database, with the exclusion of the chemicals used in the previous optimisation and prevalidation phases. A
total of approximately 3500 chemicals from the NCD and 1600 from the additional databases were screened.
Pre-determined selection criteria were applied, primarily to ensure the quality of the in vivo data and the prac-
ticability of their use in testing. Overall, the number of chemicals fulfilling the CSSC selection criteria was
found to be limited, particularly in the case of GHS category 2 chemicals. However, a total set of 60 chemi-
cals were selected and proposed to the Management Team of the SIVS for independent coding and supply
to the participating laboratories. The selected chemicals: i) represented statistically justified sample sizes for
distinguishing R38 from no-label chemicals; ii) provided a balanced representation of the three GHS cate-
gories, to allow for the post hoc evaluation of the performance of the assays for that classification system;
and iii) acknowledged, to a certain degree, the large prevalence known to exist for chemicals which have
oedema and erythema scores of 0. The selected chemicals represented a variety of molecular structures, func-
tional chemical groups, and effect and use categories, as well as a wide range of physico-chemical proper-
ties. They represented a challenging set of chemicals, relevant to current industrial commerce, with which to
validate the alternative methods.

Key words: Draize skin test, ECVAM, ECETOC database, EpiDerm, EPISKIN, GHS, New Chemicals
Database, SIFT, skin irritation, test chemicals, TSCA database, validation.

Address for correspondence: C. Eskes, ECVAM, Istitute for Health & Consumer Protection, European
Commission Joint Research Centre, Ispra 21020, Italy.
E-mail: chantra.eskes@jrc.it

Introduction Guideline (TG) 404 (1, 2). However,

current

Currently, dermal irritation is assessed by the poten-
tial of a given substance to cause erythema/eschar
and/or oedema after a single topical application on
rabbit skin, in accordance with the Method B.4 of
Annex V to EU Directive 67/548/EEC or OECD Test

European cosmetics and chemicals legislation pre-
scribe the use of alternative methods to animal test-
ing (3). In particular, the 7th Amendment to the EU
Cosmetics Directive, Directive 76/768/EEC, decrees a
complete ban on animal testing for cosmetic ingredi-
ents as soon as alternative non-animal methods have
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been endorsed as validated by ECVAM and adopted
into the EU legislation, with a maximum period of
implementation until March 2009, when the animal
testing ban will be enforced, regardless of the avail-
ability of alternative test methods (4, 5).

In order to identify in vitro tests capable of iden-
tifying skin irritants and non-irritant chemicals,
several prevalidation and optimisation efforts on in
vitro alternatives have taken place over the last
decade (6). In particular, an ECVAM prevalidation
study was conducted during 1999 and 2000, in
which five promising in vitro methods were evalu-
ated, namely, EpiDerm™, EPISKIN™, Prediskin™,
the non-perfused pig ear model, and the in vitro
mouse skin integrity function test (SIFT). The con-
clusion from this study was that, although the
reproducibility of the two human skin model tests
(EpiDerm and EPISKIN) and of the SIFT test was
considered acceptable, their predictive capacities
needed further improvement. ECVAM therefore
recommended the optimisation of the protocols and
prediction models (PMs) of the three assays, as well
a sharing of the experience gained with the
EpiDerm and EPISKIN human-skin models, in
order to develop a common protocol (7). Sub-
sequently, refinements were made to the EpiDerm
and EPISKIN protocols, and to the SIFT assay, so
that their optimised test protocols and/or PMs
finally met the criteria for inclusion in a formal val-
idation study (8-11).

An ECVAM-funded skin irritation validation
study (SIVS) was initiated in 2003. The aim of the
study was to evaluate whether the EpiDerm,
EPISKIN and the SIFT alternative methods were
able to reliably identify skin irritant and non-irri-
tant chemicals, and could therefore be candidates
for replacing the rabbit Draize test for skin irrita-
tion. An international Management Team (MT)
coordinated the study, which was divided in two
phases of experiment: a first phase to optimise and
confirm the study protocols by the lead laborato-
ries; and a second phase to determine the repro-
ducibilities and predictive capacities of the assays in
three laboratories for each assay. In both phases,
the assays were evaluated by testing a set of pre-
selected substances, in a blind manner with coded
identities.

A Chemicals Selection Sub-Committee (CSSC)
was appointed to identify test chemicals that could
be used in the study. Since chemicals from the
European Centre for the Ecotoxicology and Toxicol-
ogy of Chemicals (ECETOC, Brussels, Belgium)
database of reference chemicals for skin irrita-
tion/skin corrosion (12) had been extensively used
in the preceding studies, the CSSC also made use of
other sources of potential test chemicals.

The leading criterion for the selection of chemi-
cals was the availability of existing, high quality in
vivo data, with which to correlate the in vitro data.
For this reason, the first source of chemicals

screened was the New Chemicals Database (NCD),
which is managed by the European Chemicals
Bureau (ECB, a partner unit of ECVAM at the
European Commission Joint Research Centre). The
NCD is the central archive within the EU notifica-
tion scheme for ‘new’ commercial chemicals,
defined as substances introduced to the EU indus-
trial market after 1981. The files registered in the
NCD are subject to regulator review and approval.
Integral to comprehensive hazard assessment obli-
gations, skin irritation testing is requisite according
to regulatory test methods, and quality standards
such as Good Laboratory Practice (Annex V of
Directive 67/548/EEC; 1, 13). Notification files also
register substance origin (manufacturer, notifier,
importer), industry uses, and other hazard classifi-
cations assigned by the Competent Authorities of
EU Member States. Periodically, hazard classifica-
tions agreed by formal consent among the
Competent Authorities for schedules of chemicals,
are made officially, in updates of Annex I to
Directive 67/458/EEC. The NCD therefore provided
a primary operational source for the selection of
candidate chemicals, supported by reviewed, stan-
dardised and quality compliant in vivo data.

Supplementary to the NCD, additional ‘exist-
ing’ candidate chemicals, which were readily
available from major manufacturing and/or distri-
bution sources, were identified with supporting in
vivo data, from: a) the TSCA (Toxic Substance
Control Act) database maintained by the US
Environmental Protection Agency (EPA, Wash-
ington, DC, USA); b) the ICCVAM public call for
the submission of dermal irritancy chemicals and
protocol information/ test data, published in the
US Federal Register (14) as described below; and
¢) the ECETOC database, excluding those chemi-
cals used in the previous optimisation and preval-
idation phases.

2. Chemical Selection Strategy

The primary goal of the SIVS was to evaluate
whether the EpiDerm, EPISKIN and the SIFT
assays could reliably identify skin irritants labelled
“R38” according to the EU risk phrase, and non-
irrritants with “no label”, as defined by EU
Directive 67/548/EEC (15). A secondary objective
was the retrospective analysis of the data, to assess
whether the in vitro tests would be able to discrim-
inate between strong irritant (category 2), mild irri-
tant (category 3) and non-irritant (no category)
chemicals, as defined by the OECD and United
Nations proposal for a Globally Harmonised System
(GHS) for the classification and labelling of dermal
irritancy (16). The differences between the two clas-
sification systems are illustrated in Figure 1.

The number of chemicals required was deter-
mined statistically by sample size calculation, as fol-
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Figure 1: The erythema/oedema Draize
score ranges which define the EU
and GHS classification systems for
skin irritation
0 2.0 4.0
EU no label EU R38

Erythema/oedema Draize score

GHS no category |GHS cat.3 GHS cat.2
0 1.5 2.3 4.0

The scores refer to at least two out of three animals, or
the mean value in cases where more than 3 animals are
used.

lows. Sensitivity, i.e. the proportion of chemicals
correctly predicted as skin irritants, and specificity,
i.e. the proportion of chemicals correctly predicted
as non-irritants, were defined as the primary
parameters to be estimated within the validation
study. To simplify the calculation, the independ-
ence of these two parameters, as well as the inde-
pendence of the classification of a given chemical
from the classification of another chemical, were
assumed. Taking into account the experience of the
laboratories with the assays, and a minimum
requirement in terms of predictive capacity, a speci-
ficity and a sensitivity of at least 75% were expected
from the assays. Based on this assumption, it was
estimated how large the sample size for a binomial
proportion had to be, in order to have a lower limit
of a one-sided confidence interval significantly
larger than 0.5, with a significance level of 0.05 and
with a power of at least 0.75, as generalised by
Flahault et al. (17). By using the software package,
S-Plus 6.1 (Insightful, Seattle, WA, USA), it was
determined that a sample size of 26 chemicals for
each class of irritancy, i.e., skin irritants and non-
irritant compounds, would be necessary.

The prevalence of skin irritants among the chem-
icals registered within the NCD and listed in the
ECETOC database was further evaluated. Of 3121
chemicals surveyed, less than 8% caused skin irri-
tation in rabbits which would require a R38 label,
while 64% did not result in any oedema and ery-
thema irritation scores (for details of this analysis,
see 18). Although the limited feasibility of fully
implementing such a prevalence in the study design
was acknowledged, its consideration in the assess-
ment of the in vitro tests was advised by the MT.

On this basis, the MT decided on the testing of a
total of 60 chemicals in the SIVS, including at least
26 R38 and 28 no-label chemicals. In practice, 20
chemicals were to be tested in Phase 1, then re-

coded and included among the 60 chemicals to be
tested in Phase 2.

In order to i) achieve a balance between irritants
and non-irritants, according to the EU classifica-
tion, ii) to have representation of the three GHS
categories, and iii) to acknowledge, to a certain
degree, the large percentage of registered chemicals
which have oedema and erythema scores of 0 (18),
the CSSC aimed at selecting chemicals which pre-
sented a distribution of irritancy scores, as illus-
trated in Figure 2.

3. Selection of ‘New’ Chemicals
Registered in the NCD

3.1 Primary extraction of NCD chemicals

At the time of the chemicals selection, in the spring
of 2003, the NCD contained approximately 5600
notifications, concerning about 3500 substances.
The following exclusion criteria were applied in a
primary survey and extraction of data:

1. Substances notified before 1995 were initially
excluded, and the search was focused on notifi-
cations from the last decade, for which complete
electronic data files would be assured, and where
contacting companies for the supply of sub-
stance sample material would be facilitated.

2. For multiple dossiers concerning the same sub-
stance, repeat notifications were excluded, and
only data from the file leader, usually the origi-
nal notifier, were extracted.

3. Substances marketed at quantities below 0.1
tonnes/year, for which skin irritation testing is
not a regulatory requirement, were excluded.

4. Skin corrosives were excluded, as the primary
focus was on skin irritation.

5. Adsorbents, gases and vapours were excluded for
technical reasons linked to the test protocols
being validated.

Applying these exclusion criteria, the NCD survey
yielded 1307 substances, comprising 132 skin irri-
tants (R38) and 1175 non-irritants (no label; Table
1), based on skin irritant classifications registered
by EU Competent Authorities. The following infor-
mation on these substances was then extracted:

— substance identification and molecular structure;
— physical state (solid/liquid);
— purity (typical %, lower limit %, upper limit %);
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Figure 2: The chemical selection strategy, with reference to EU and GHS classification systems

Numbers of chemicals in

Phase 2 (Phase 1) 60(20)
\ Y

EU No classification: 34(11) R38: 26(9)
Y 52y y 5@ Y

GHS No cat. 29(9) Cat. 3: 10(4) Cat. 2: 21(7)

Y Y
“C0”: 17(5) “C-":12(4)

“CO” represents chemicals with oedema and erythema scores of 0; “C-" represents GHS non-classified chemicals with
oedema andjor erythema scores different from 0.

skin irritation data (in vivo erythema and
oedema scores);

classification and labelling;
whether a mixture (Y/N);

molecular weight (MW), including components
in mixtures;

octanol-water partition coefficient (log K,);
water solubility;

vapour pressure;

melting point and boiling point;

desired effect and use categories; and

name(s) of producer and/or notifier (including
country of origin).

3.2

Secondary reduction of NCD chemicals

A secondary data reduction applied the following
quality criteria on the extracted physico—chemical
properties:

1.

2.

Substances with no known purity, or with a typ-
ical purity of less than 94%, were disregarded.

According to the regulatory definitions, single
substances can comprise reaction mixtures of un-
separated components, such as isomers or generi-
cally similar molecules. Substances with more
than three components (or more than four com-
ponents for isomeric mixtures) were excluded.

Table 1: Selection of SIVS candidate chemicals from the NCD, partitioned according to the
EU and GHS classification and labelling systemsa2

EU R38 EU no label
GHS cat. 2 GHS cat. 3 GHS cat. 3 GHS no cat. Total
Primary extraction 132 1175 1307
Secondary reduction 28 59 27 218 332
Selection refinement 11 21 7 87 126
Selected NCD substances
obtained from suppliers 7 11 4 15 37

aThe criteria for primary extraction, secondary reduction and selection refinement are described in the text.
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3. Complex mixtures, substances with unidentified
components, and substances with uncertain
component proportions, were excluded.

4. Substances with no known MW, with a MW over
1000, or with a range of MWs (e.g. polymers),
were excluded.

No exclusion criteria were applied on the basis of
water solubility, log K, vapour pressure, boiling
point or melting point, in order to deliberately allow
for variability in these physico—chemical character-
istics. In addition, no exclusion criteria were applied
on the basis of other topical irritation, namely, skin
sensitisation and eye irritation, again to allow scope
for variability.

Following the application of the secondary elimina-
tion criteria, 845 candidate chemicals remained from
the primary list of 1307, including 87 irritants and
758 no-label chemicals. The in vivo data (erythema
and oedema scores) for the short-listed substances
were reviewed, with irritant classifications being
assigned according to the GHS classification scheme.
Due to an excessive number of GHS non-irritant sub-
stances (731), a pragmatic refinement gave prefer-
ence to irritant substances notified by the same
suppliers, and to substances indicated for use as cos-
metic ingredients. Based on this refinement, a total of
218 non-irritants were short-listed (see Table 1).

3.3 Refinement of the selection of NCD
chemicals

The short-listed skin irritants and non-irritants
were then further screened for properties which
would cause practical difficulties in testing, as well
as for any classification inconsistencies. The follow-
ing refinement criteria were applied:

1. Particularly hazardous chemicals, such as car-
cinogens and explosives, were eliminated for
safety reasons.

2. Chemicals likely to present testing difficulties,
such as those with hydrolysing properties, poly-
merising tendencies, or samples available only
as preparations, were excluded.

3. Chemicals no longer in production (reported by
a regulatory authority) were excluded.

4. Chemicals having classifications inconsistent
with the Draize test scores were disregarded.
These comprise chemicals classified on the basis
of a non-standard method, read-across, or per-
sistent effects.

It is important to note that, for chemicals classified
on the basis of persistence, a parallel study was ini-

tially foreseen, in which the lead laboratories would
test them with the in vitro methods under validation.
However, out of all the chemicals screened, only
three substances were found to be classified as R38
on the basis of persistence of effects. In addition, only
one could be obtained from the contacted suppliers,
and insufficient information was available to allow
its inclusion in the study. As a consequence, the pro-
posed parallel study could not take place.

As a result of the application of the selection cri-
teria, 27 R38 and 94 no-label chemicals were
selected. As the number of skin irritants barely
represented the minimum sample size required,
and since it was anticipated that there might be
problems with the manufacturer/supplier of some
of them, the CSSC extended the scope of the pri-
mary NCD survey, by searching for R38 sub-
stances notified prior to 1995. The primary
extraction resulted in the identification of a fur-
ther 54 chemicals, of which five R38 substances
met the CSSC’s secondary reduction and selection
refinement criteria.

A total of 126 substances were finally selected by
the CSSC from the NCD as suitable test materials for
the SIVS, comprising 32 skin irritants and 94 non-
irritants (Table 1). For quality control, it was recon-
firmed that the assigned classifications and labelling
(R38 or no label) proposed by the Competent
Authorities and/or those published in Annex I of
Directive 67/548/EEC (19), could be derived from the
rabbit Draize scores for these substances.

3.4 Suppliers contact and confidentiality
issues

A total of 58 notifiers and/or producers were identi-
fied for supplying the 126 selected substances. In
cases where contact addresses were obsolete,
updated information was sought, by invoking assis-
tance of the European Chemical Industry Council
(CEFIC) and the European Federation for Cosmetic
Ingredients (EFfCI). Subsequently, 47 producers
and/or notifiers were contacted for the supply of
115 of the 126 selected substances, and sample
materials were requested. Responses were eventu-
ally received from 30 companies, of which 25 were
able to cooperate (Table 2) by providing a total of 37
test samples, comprising 18 skin irritants and 19
non-irritants (Table 1).

During the course of the study, the collaborating
companies (Table 2) were requested to release the
identities IUPAC names, CAS numbers, and struc-
tural formulae) of chemicals registered in the NCD
as confidential proprietary information. Of the 25
suppliers, 24 agreed to releasing this commercially
sensitive information, representing data for 35 of
the 37 substances. Furthermore, agreement to
release the skin irritation classifications was con-
firmed with these suppliers. However, it was agreed
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Table 2: Supplier companies (manufacturer/notifier/importer) contributing samples of test
substances selected from the NCD, and used in the SIVS

Supplier Location
Akzo Nobel-Diosynth Oss The Netherlands
AstraZeneca Sodertalije Sweden
Basell Ferrara ITtaly
BASF Ludwigshafen Germany
Cambrex Cork Ireland
Clariant Paris France
DSM Nutritional Products Saint-Louis France
Esteve Quimica Barcelona Spain
Evonik Goldschmidt GmbH Barcelona Spain
Essen Germany
Firmenich Geneva Switzerland
Givaudan Vernier Switzerland
Argenteuil France
Huntsman Advanced Materials Basel Switzerland
Industries Chimiques de Mulhouse-Dornach Mulhouse France
International Flavors & Fragrances Hilversum The Netherlands
Co. Louth Ireland
Spain
Union Beach, NJ USA
Janssen Pharmaceutica Beerse Belgium
Kao Corporation Barcelona Spain
Laboratori Fitocosmesi e Farmaceutici Milan Ttaly
Nisseki Chemical Passadena, TX USA
Omnichem Wetteren Belgium
PFW Aroma Chemicals Barneveld The Netherlands
Promerus Brecksville, OH  USA
Rhodia Organica Saint Fons France
SACI-CFPA Paris France
Safepharm Laboratories Derbyshire UK
Symrise Holzminden Germany

that the individual suppliers would remain anony-
mous, and would not be associated with any specific
substances, nor would the corresponding Draize
scores registered for the NCD substances be dis-
closed. Nevertheless, the CSSC itself had full access
to the in vivo observations and individual scores for
the NCD chemicals.

Permission was not obtained for the disclosure of
the identities of the two remaining substances.
Consequently, the in vitro results obtained for these
two substances were not considered in the final
evaluation of the SIVS.

4. Selection of Additional Chemicals

Due to the shortfall in availability of the NCD chem-
icals and the need to include chemicals which were
readily available from major manufacturing and/or
distribution sources, complementary ‘existing’ chem-

icals were selected for Phase 2 of the SIVS, through
the recourse to additional databases.

4.1 Collaboration with ICCVAM-NICEATM

The NTP Interagency Center for the Evaluation of
Alternative Methods (NICEATM, NIEHS, Research
Triangle Park, NC, USA) and the Interagency
Coordinating Committee on the Validation of
Alternative Methods (ICCVAM, MIEHS, Research
Triangle Park, NC, USA), in collaboration with the
ICCVAM Dermal Corrosivity and Irritation Work-
ing Group, provided the CSSC with two lists of can-
didate chemicals, based on the following sources:
data submitted to the EPA in accordance with the
TSCA, and data submitted in response to a public
call for Draize dermal irritation data (14).

The TSCA database contained information on
3400 industrial chemicals, of which 2400 could be
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obtained through a major manufacturing and/or
distribution source. A total of 1312 reports were
reviewed by ICCVAM-NICEATM, out of the 1905
files received, and 42 reports were found to contain
dermal irritation data which the indications sug-
gested would be potentially useful to the SIVS.

The public call for data on Draize dermal irrita-
tion was launched via a US Federal Register notice,
published in July 2003 (14). It requested data on
commercially-available chemicals tested for skin
irritancy in rabbits by using current standardised
testing methods, and data on skin irritancy from
human studies and from human post-marketing or
occupational exposure or surveillance evaluations.
ICCVAM-NICEATM received data from three dif-
ferent sources: 1) data on 124 substances were
received from the Research Institute of Fragrance
Materials (RIFM, Hackensack, NJ, USA); 2) data
on six substances were received from the US
Cosmetic, Toiletry, and Fragrance Association
(CTFA, Washington, DC, USA); and 3) data on six
substances were received from the European
Isocyanate & Polyol Producers Association (ISOPA,
Brussels, Belgium). In addition, the CTFA provided
ICCVAM with the 2003 Cosmetic Ingredient
Review (CIR) compendium, which contains sum-
maries of toxicological studies (animal and human)
for 1119 cosmetic ingredients. A total of 45 com-
plete reports were received from the CIR database,
from which NICEATM identified one chemical with
dermal irritation data which indicated that it would
be potentially useful for the SIVS.

Overall, 43 files were provided to ECVAM by
ICCVAM-NICEATM, with detailed information on
purity and individual rabbit Draize irritation test
scores. Information from the 43 files on six
substances was found to comply with the standard
protocols for dermal irritation, and to fulfil the
CSSC secondary reduction and selection refinement
criteria, as described above. The six substances,
representing two skin irritants (R38) and four non-
irritants (no label, according to the EU classifica-
tion and labelling system) were included in Phase 2
of the SIVS.

4.2 The ECETOC Database

The ECETOC Reference Chemicals Database for
skin irritation/skin corrosion contains a total of 129
chemicals, for which detailed in vivo data from der-
mal irritation studies are available (12). The CSSC
applied the secondary reduction and selection
refinement criteria to 34 eligible substances that
had not previously been tested in the prevalidation
and protocol optimisation phases, prior to the org-
anisation of the SIVS. This resulted in a shortlist of
14 chemicals, which were then complemented with
an additional five chemicals which had been used in
previous protocol optimisation and prevalidation

phases, in order to provide the 60 chemicals
required for Phase 2 of the SIVS. This total of 19
chemicals included 7 skin irritants (R38) and 12
non-irritants (no label, according to the EU classifi-
cation and labelling system).

4.3 Considerations concerning the addi-
tional chemicals

When selecting additional chemicals from readily-
available commercial sources, the CSSC confirmed
that the in vivo test protocol used was compliant
with the EU and OECD standards and guidelines
(1, 2), and that individual rabbit Draize scores were
available for each of at least three rabbits, or that at
least the mean scores were reported when more
than three animals were used.

As only two of the additional (non-NCD) chemi-
cals used in the SIVS have an official hazard classi-
fication assignment (i.e. as published in Annex I to
Directive 67/548/EEC), implicit classifications were
derived, based on the reported in vivo Draize scores.
Commercial classifications provided by the chemi-
cal suppliers were not considered, as these were not
traceable nor standardised, as were the official clas-
sifications.

The physico—chemical properties of the non-NCD
chemicals were obtained from the available docu-
mented sources, including on-line databases and
supplier safety data sheets. However, the informa-
tion retrieved was not always complete, and was of
an uncertain level of quality, in contrast to the
chemicals registered in the NCD.

5. Results

In total, approximately 3500 ‘new’ commercial
chemicals registered in the NCD, and 1600 ‘exist-
ing’ chemicals recorded in alternative databases,
such as the TSCA, CIR and ECETOC databases,
were screened. Only a limited number were found
to fulfil the CSSC selection criteria, but it was pos-

Table 3: Distribution of SIVS Phase 1
chemicals selected from the NCD,
according to the EU and GHS
classification and labelling systems

NCD
R38 GHS cat. 2 4
GHS cat. 3 5
No label GHS cat. 3 2
GHS no cat. 9
Total 20
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Table 4: Distribution of SIVS Phase 2 selected chemicals, according to the EU and GHS
classification and labelling systems, and their database sources

Source R38 (skin irritants) No label (non-irritants)

GHS cat. 2 GHS cat. 3 GHS cat. 3 GHS no cat. Totals
NCD 7 9 3 14 33
ECETOC 5 2 2 10 19
TSCA+CIR 1 1 0 4 6
Totals 25 33 58

sible to select 60 chemicals for use in Phases 1 and
2 of the SIVS.

Phase 1 comprised 20 chemicals selected from the
NCD (Table 3), with an almost-equal number of
irritant (9 EU R38) versus non-irritant (11 EU no-
label) substances, which corresponded well with the
CSSC selection strategy shown in Figure 2, and
with a balanced representation of the three GHS
categories.

For Phase 2 of the SIVS, 60 chemicals were ini-
tially proposed by the CSSC, 35 selected from the

NCD and 25 from the additional databases.
Eighteen of these had been used in Phase 1 of the
study. Unfortunately, due to confidentiality issues
raised at the end of the study, the data obtained on
two of the chemicals selected from the NCD (one
R38 and one no-label) could not be disclosed. As a
consequence, these two substances were disre-
garded, leaving 33 NCD chemicals and a total of 58
SIVS Phase 2 chemicals. The distributions of the
Phase 2 chemicals according to the EU and GHS
classification systems are shown in Table 4. Of the

Figure 3: The prevalence of dominant medians of the SIVS selected chemicals: a) Phase 1

(n = 20); b) Phase 2 (n = 58)
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w

0 03 07 10 13

1.7 20 23 27 30 33 37 4.0

irritation potential (dominant median)

18 - b)

Number of
chemicals selected

e el ]
SN B~ O 0 O N B O
L 1 1 1 1 1 1 1 1

0 03 07 10 13

1.7 20 23 27 30 33 37 4.0

irritation potential (dominant median)



ECVAM study on in vitro tests for acute skin irritation: test chemicals selection 611

58 substances, 25 were irritants (labelled R38) and
33 were non-irritants (not labelled). This distribu-
tion corresponded with the CSSC strategy, i.e. to
obtain 26 R38, and 34 no-label substances, prior to
the subsequent exclusion of the two substances
because of confidentiality issues.

With respect to the GHS classification system,
SIVS Phase 2 chemicals comprised a balanced dis-
tribution of the three GHS categories, to allow for a
post hoc evaluation. However, limitations were
encountered in identifying GHS category 2 chemi-
cals, as only 13 were found (instead of the 21 ini-
tially sought) among the 5100 chemicals screened.
This may have been related to the low prevalence of
GHS category 2 chemicals in the databases investi-
gated. In compensation, 17 GHS category 3 chemi-
cals were obtained (instead of the 10 initially

foreseen), which is also in agreement with the find-
ings of Hoffmann et al. (18), i.e. showing a higher
prevalence of the in vivo responses observed close to
the classification threshold of 2.

Figure 3 shows the range of irritancy covered by
the SIVS Phase 1 and 2 chemicals, as charac-
terised by the dominant median Draize test scores.
A high number of substances with dominant
median values of 0 were selected for the SIVS, in
order to reflect the high prevalence observed for
this category of compounds (18). In addition,
Figure 4 shows the range of irritancy covered by
the 33 ‘new’ commercial chemicals registered in
the NCD, and by the 25 ‘existing’ chemicals
recorded in the other databases. Both sets of chem-
icals had a similar distribution pattern, although
the ‘new’ chemicals had a majority of scores in the

The prevalence of dominant medians of the SIVS Phase 2 selected chemicals: a)

Figure 4:
new commercial chemicals registered in the NCD (n = 33); b) existing chemicals
selected from additional databases readily available from major commercial
sources (n = 25)
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severe range of irritancy and close to the classifi-
cation threshold.

Information on the chemical identities, CAS
numbers, physical states, purities and classifica-
tion of the chemicals used in Phases 1 and 2 of the
SIVS is shown in Table 5. In addition, complemen-
tary information on the commercial suppliers,
product numbers and in vivo data for the 25 ‘exist-
ing’ chemicals readily available from major com-
mercial sources, is given in Table 6. The structural
formulae of all the chemicals used in Phases 1 and
2 of the SIVS were also available (not shown).
They presented a large variety of molecular struc-
tures and functional chemical groups. However,
due to the fact that the notified chemicals regis-
tered in the NCD frequently present complex
multi-functional molecular structures, typical of
molecular structures engineered for a particular
application, definitive allocation to a generic chem-
ical class was precluded. Nevertheless, the selected
chemicals covered a wide range of effect and use
categories, relevant to current industrial com-
merce in the EU. In addition, as shown in Table 7,
the selected compounds presented a wide range of
physico—chemical properties, such as MW, log K.,
water solubility, vapour pressure, melting point
and boiling point.

Selected chemicals and the laboratory-related
coding were organised by ECVAM and transferred
to RCC-CCR (Research and Consulting Company—
Cytotest Cell Research GmbH, Rossdorf, Germany),
which then distributed the coded test samples to
the participating laboratories.

6. Discussion

The ECVAM SIVS was the first formal validation
study to make use of the ECB’s NCD as the main
source for the selection of test chemicals. This
exercise proved to be successful in obtaining noti-
fied chemicals supported by systematic and reli-
able information. Data selected from the NCD
were obtained from standard assays, conducted
according to Annex V of Directive 67/548/EEC for
regulating the marketing of industrial chemicals
(1). Moreover, the information available from the
NCD was generally comprehensive, and subject to
quality compliance by the Competent Authorities
of the EU Member States. However, notified
chemicals are typically marketed for client-ori-
ented industrial applications, so commercially-
sensitive data are regarded as confidential. For
this reason, the supporting data for two sub-
stances (one R38 and one no-label) could not be
disclosed, so in vitro data for these chemicals
could not be used in the analysis of the outcome of
the SIVS. The use of the NCD therefore involved
some limitations relating to company contact,
material availability, and release of proprietary

information. In contrast, ‘existing’ chemicals reg-
istered in other databases were readily commer-
cially available from major manufacturing and/or
distribution sources. However, the available infor-
mation on their physico—chemical properties was
not always retrievable in a standardised format,
so there could be uncertainties with regard to
their quality.

The sample size for the validation study was jus-
tified on the basis of statistical considerations.
Although the application of the selection criteria,
combined with practical constraints, limited the
choice of candidate chemicals, the representative-
ness of the resulting sample population for the
SIVS was considered not to have been compro-
mised, as the introduction of potential biases during
the selection process was avoided. The sample size
for the validation study was justified on the basis of
statistical considerations.

With such an approach, the results from the val-
idation study could be interpreted objectively on a
statistical basis. Adopting a rational statistical
approach took into account the simple predictive
capacity assessment underlying the study,
expressed in terms of the binary result, specificity
and sensitivity. In addition, the sample size calcu-
lation ensured that the specificity and sensitivity
for a given power were significantly better than
chance, i.e. larger than 50%. The sample sizes
required would increase substantially, if the out-
come included ordinal degree (i.e. more than two
groups) or if the requirements of predictive capac-
ity were more restrictive (e.g. to show that sensi-
tivity and specificity are significantly larger than
60%, while maintaining the power). Then the
prospect of a statistically-required number of
chemicals which met pragmatic selection criteria
would be unattainable. The discrepancy between
the statistical ideal for chemical selection and the
practical availability of material samples (and
resources) in validation studies is rarely acknowl-
edged, although it is well known. Such a dilemma
might be an issue for consideration under the
emerging concept of evidence-based toxicology (20,
21).

In conclusion, of the approximately 5100 chem-
icals screened, very few were found to fulfil the
CSSC’s pre-determined selection criteria for
ensuring the quality of in vivo data and the prac-
ticability of testing. In particular, limitations
were encountered in identifying GHS category 2
chemicals, most probably due to the low preva-
lence of such category of compounds (18).
However, a total of 60 chemicals were finally
selected and proposed for testing in Phases 1 and
2 of the SIVS. The distribution of chemicals
selected by the CSSC: i) represented statistically
justified sample sizes for distinguishing R38 from
no-label chemicals; ii) provided a balanced repre-
sentation of the three GHS categories, to allow for
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Table 7: Range of physico-chemical
properties covered by the
chemicals selected for SIVS
Phase 2

Physico-chemical property Observed range

60 to 674
-3.4 to 11.5
10-3 to 106 mg/l
10-6 to 6x103 Pa
-100 to 360°C
82 to 555°C

Molecular weight
Log K?

Water solubility®
Vapour pressureP
Melting point
Boiling point

aMeasured at temperatures ranging from 19 to 30°C.
bMeasured at temperatures ranging from 19 to 25°C.

the post hoc evaluation of the performance of the
assays for that classification system; and iii) rep-
resented a high proportion of substances with
dominant median values of 0, similar to the preva-
lence distribution found by Hoffmann et al. (18).
In addition, the selected compounds presented a
variety of molecular structures, functional chemi-
cal groups, and effect and use categories, as well
as a wide range of physico-chemical properties.
Therefore, the participating test laboratories were
presented with a challenging set of chemicals, rel-
evant to the current world of industrial com-
merce, and appropriate for the evaluation of the
capacity of the EpiDerm, EPISKIN and the SIFT
alternative methods to reliably identify skin irri-
tant and non-irritant chemicals.
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